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Binary and Ternary Crystal Purification 
and Growth Method and Apparatus 

BACKGROUND OF THE INVENTION 

This application is a continuation-in-part of Application 
Serial No. 10/011,762 filed December 11, 2001, which is a 
division of Application Serial No. 09/640,745 filed August 18, 
2000, now Patent 6,334,899, which is a division of Application 
Serial No. 09/504,961 filed February 16, 2000, now Patent 
6,153,011, which is a division of Application Serial No. 
09/234,411 filed January 21, 1999, now Patent 6,071,339, which is 
a division of Application Serial No. 08/490,893 filed June 16, 
1995, now Patent 5,993,540. 

This invention relates to the purifying of crystal material, 
the doping of the material and the growth of crystals. 

Bridgeman, Bridgeman-Stockbarger, Czochralski and variations 
have been used for crystal growth. Depending on the crystal 
growth method, the crystal type and the crystal size, one has to 
overcome sets of problems. This invention relates to the 
purification of the crystal material and the crystal growth 
process itself. 

Crystal size and the quality of the crystal starting 
material play important roles in the production of scintillation 
crystals. The starting material labeled "scintillation grade" is 
of five 9's purity .9999%. Often the starting material has poor 
stoichiometry ratio. Growing crystals in a closed type system 
that have large diameters and up to over 2 000 pounds in weight 
result in crystals that have poor crystal quality. Crystal 



purity, dopant distribution, defect density and distribution and 
built-in stress imposed on the crystal during the crystal growth 
process and the crucible removal may be at unacceptable levels. 
With the exception of small crystal portions grown at the 
beginning of the crystal growth, crystals may have lower purity 
than the starting material. Dopant concentration varies 
dramatically. That in turn creates uneven light output and 
decreases the energy resolution of scintillation crystals. When 
handling large size crystals during the hot transfer, the 
crystals release large portions of iodine and thallium iodine 
vapors. Exposure to ambient temperature creates various defects 
and defect densities in the hot crystals. 

The current practices where large barrel -shaped crystals are 
grown for all applications, regardless of the fact that most 
applications use rectangular shapes, makes the yields rather low. 
Scaling up crystal plate sizes from 0.5-1 inch thick slabs cut 
perpendicular to the crystal length of a barrel -shaped crystal 
requires large financial investments. At the same time 
increasing slab geometry increases the crystal production cost by 
decreasing the growth rate and lowers the crystal quality and 
yield. 

Existing purification methods include supplying a gaseous 
medium to a surface of a melt carried in a crucible. Those 
methods require extended times for purification, up in the range 
of 96 hours. Those methods also ineffectively cure the melt, as 
lower portions of the melt are never purified. 



During melt purification, impurities react with the gas 
molecules and exit the melt in a gaseous phase. Some impurities 
react and precipitate from the melt as a sludge. Other reacted 
impurities float to the surface. 

Needs exist for purification systems that remove impurities 
faster and more efficiently. 

These problems and many more remain in the present 
practices. Needs exist for new approaches for crystal material 
purification and the crystal growth processes. 

Purifying of crystals by reactant gas contact in current 
systems results in delays and adds significant times to the 
crystal growth process. 

SUMMARY OF THE INVENTION 

Reactive gas is released through a crystal source material 
or melt to react with impurities and carry the impurities away as 
gaseous products or as precipitates or in light or heavy form. 
The gaseous products are removed by vacuum and the heavy products 
fall to the bottom of the melt. Light products rise to the top 
of the melt. After purifying, dopants are added to the melt. 
The melt moves away from the heater and the crystals formed. 
Subsequent heating zones re-melt and refine the crystal, and a 
dopant is added in a final heating zone. The crystal is divided, 
and divided portions of the crystal are re-heated under pressure 
for heat treating and annealing. 



The invention provides multi zone plate crystal growth and 
purifying. 

The new continuous feed multi -zone crystal grower is capable 
of growing crystals with very large dimensions under reactive 
atmospheres. The invention produces high purity crystals with 
very uniform doping concentrations regardless of the crystal 
size. The dopant level and the residual impurities are 
controlled in situ within the crystal feed chamber and during the 
crystal growth process. Crystal applications include nuclear 
medicine, high energy physics, optics and others where economical 
production of high purity and large size crystals are required. 

The invention provides horizontal (or inclined under some 
angle) continuous crystal growth process for plates of any 
dimensions . 

Reactive gas permeates start-up material, crystal powder or 
polycrystalline material or a crystal melt. 

Stoichiometry control or "repair" of start-up material is 
achieved using the present invention. 

Multi-zone traveling, stationary immersed and non-immersed 
heaters, resistive and RF heating elements, or other type heaters 
are used. This allows controlled gradient crystal growth of any 
size crystals. 

A traveling crucible or crystal slab can be used if the 
heaters are stationary. 

The present invention can be attached as a module to heaters 
for in situ purification and dopant control. 



Dopant concentration control can be achieved by adding 
dopant in solid or gaseous form. If excess dopant has to be 
controlled, the excess is either neutralized via chemical 
reaction or by dilution with pure melt. 

For very high purity crystals or crystals with very large 
sizes, residual impurities control can be achieved by removing 
the melt from one of the molten zones via vacuum suction and melt 
draining. 

High temperature and high pressure annealing of the plates 
in final sizes enhances the crystal quality properties. 

The invention eliminates cutting of at least one dimension 
of the crystal before further processing. 

A preferred continuous crystal plate growth apparatus has a 
source of starter material. A valve supplies material from the 
starter material source. A first, hot zone communicates with the 
valve for heating the material. A dopant source and a dopant 
controller are connected to the hot zone for supplying dopant 
into the material in the hot zone. A second reduced heat zone 
beyond the hot zone reduces heat in the material, which forms a 
solid plate. A receiver receives the solid plate from the 
second, reduced heat zone and advances the solid plate. A 
lowered temperature heating zone adjacent the receiver lowers 
temperature of the solid crystal plate on the receiver. An 
enclosure encloses the zones and the solid crystal plate in a 
controlled gaseous environment. 



A large heater overlies the small heater. The large heater 
has first and second zones, and the small heater has the first 
hot and second reduced heat zones. Baffles separate the first 
and second zones of the heaters. 

The first zone of the small heater produces a crystal melt 
temperature higher than a crystal melting temperature in the 
material. The second zone of the small heater produces a 
temperature lower than the melting temperature. The temperature 
in the material at the small heater baffle is about the melting 
temperature. The large heater first zone provides heat below the 
melting temperature, and the large heater second zone provides a 
lower heat. 

Preferably the receiver is a conveyor which moves at a speed 
equal to a crystal growth rate. 

A second source of starter material and a second valve are 
connected to the hot zone for flowing material from the second 
source to the hot zone. 

The crystal melt or starter material is purified in a 
chamber having a bottom and sides. A lid covers the chamber. An 
opening introduces liquid or solid material into the chamber. An 
outlet near the bottom of the chamber releases crystal melt or 
starter material from the chamber. A shut -off valve opens and 
closes the outlet. A source of reactive gas is connected to the 
chamber and extends into a bottom of the chamber. A reactive gas 
release barrier near the bottom of the chamber slowly releases 
reactive gas into the crystal starter material. A gas space is 



located at the top of the chamber above the crystal melt or 
starter material. An exhaust line is connected to the space at 
the top of the chamber for withdrawing gas from the top of the 
chamber. A heater adjacent the chamber heats the chamber and the 
crystal melt or starter material within the chamber. 

The heater has heating elements around sides of the chamber 
and along the walls of the chamber. 

The shut-off valve is a thermally activated or a mechanical 
or electromechanical valve. 

An inlet conduit is connected to the lid. A source of 
reactive liquid or solid is connected to the inlet conduit. A 
valve is connected between the source of reactive liquid or 
solid. A plug is connected to the conduit for plugging the 
conduit after adding reactive liquid or solid to the chamber. 

Preferably a vacuum pump is connected to the exhaust line. 
A preferred barrier is a porous plate. 

In one heating and purifying embodiment, a chamber has an 
inlet and an outlet. A purified material discharge is connected 
to the outlet. An enclosure has side walls, a bottom and a top. 
A reactive gas source is connected to a gas inlet tube. A gas 
distributor is mounted in the chamber near the bottom. A gas 
releasing plate connected to the gas distributor releases the 
reactive gas from the inlet tube and the distributor into the 
material in the feeding and purifying chamber. A heater heats 
material in the chamber. A gas exhaust exhausts gas from an 
upper portion of the chamber. 



A preferred casing has a cover and side walls, and the 
casing side walls include the chamber side walls. 

In one embodiment, an upper heater has heating elements 
across a top of the chamber. 

The apparatus moves with respect to a stationary base for 
supporting a growing crystal. 

Preferred crystal growth embodiments have a support for 
supporting a growing crystal. A first zone heater adjacent the 
growing crystal heat and liquefies the growing crystal. A second 
zone heater spaced from the first zone heater along the growing 
crystal re-liquefies the growing crystal. Preferably multiple 
zone heaters are spaced from each other along the growing crystal 
for sequentially liquefying the growing crystal. Preferably the 
first zone heater further includes heating and purifying 
apparatus for purifying the crystal melt. A preferred first zone 
heater includes a reactive gas distributor for distributing 
reactive gas from near a bottom of the crystal melt. 

A liquid or solid adaptive substance source releases liquid 
or solid reactive substance into the melt. 

A source of dopant is connected to the last zone heater for 
supplying dopant into the crystal melt. 

In one embodiment the support is a movable support for 
moving the liquid crystal along zone heaters. Alternatively, the 
zone heaters move along the crystal . 

One crystal growth embodiment has a chamber for holding a 
crystal melt. A crystal support holds a crystal movable with 



respect to the chamber for forming a bottom of the chamber with 
the crystal. A first heater adjacent the chamber heats and 
maintains a crystal melt within the chamber. A baffle is 
connected to the first heater adjacent a bottom of the chamber. 
A second heater is connected to the baffle beyond the first 
heater. A source of reactive gas feeds a gas tube connected to a 
controller. A distributor is connected to the gas tube and is 
mounted in the chamber for positioning within the crystal melt. 
A gas releaser connected to the distributor releases reactive gas 
into the crystal melt. A gas exhaust is connected to the chamber 
exhausts gas from the chamber above the crystal melt. An inlet 
tube and a controller release reactant substance into the chamber 
and into the crystal melt. A dopant conduit and a dopant source 
provide a dopant from the source through the conduit to the 
chamber. The reactive substance and the reactive gas control the 
dopant . 

These and further and other objects and features of the 
invention are apparent in the disclosure, which includes the 
above and ongoing written specification, with the claims and the 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows an apparatus and process for continuous 
crystal plate growth. 

Figure 2 shows a chamber for purifying crystal material and 
liquid or solid scavengers. The crystal material may be a 



starter powder or a crystal melt. The purifier in Figure 2 may 
be used to supply the continuous crystal plate growth apparatus 
and process shown in Figure 1. 

Figure 3 shows a crystal melt purifier for use in a 
continuous crystal plate growth apparatus and process, such as 
shown in Figure 1. 

Figure 4 shows a continuous crystal plate growth apparatus 
and process using multiple zone heating and purifying. 

Figure 5 is a detail of sides of the crystal growth 
apparatus in the melt zones . 

Figure 6 shows varied heaters for use in the continuous heat 
crystal growth process. 

Figure 7 shows the use of the present purifying apparatus 
and process in a vertical Bridgeman crystal growth system. 

Figure 8 is a schematic representation of the heat treating 
and annealing of a cut crystal before use. 

Figure 9 is a schematic representation of a dynamic 
temperature control apparatus. 

Figure 10 is a schematic plan view of a dynamic temperature 
control apparatus . 

Figure 11 is a schematic representation of a dynamic 
temperature control apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the drawings, a crystal 1 is grown in a 
continuous process by first purifying a crystal source material, 
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which is a crystal melt or powder, in a purification station 3, 
as later will be described. A second purification station 5 may 
be provided so that the crystal melt or powder may be prepared in 
a batch process within alternating stations, which may number 
several stations. The supply and refill stations 3 and 5 may be 
of any type . 

Valves 7 control the flow of purified crystal melt or 
purified crystal source powder 9 to a first hot zone 11 of a 
first heater 13. The first hot zone 11 has a temperature which 
is above the melt temperature of the crystal. A boat-shaped 
container holds the liquefied crystal 15. 

A source and multiport 17 has a controller 19 which controls 
the material added to the liquefied crystal 15. The material may 
be multiple or single materials such as gaseous or liquid dopant 
or any material . 

The first heater 21 surrounding the first hot zone 11 
produces a heat above the melting temperature of the crystal. A 
baffle 23 next to the first heater separates the first heat zone 
11 from the second heat zone 25. Heaters 25 and 27 may be 
multizone heaters. The second heater 27 which surrounds the 
second zone produces a temperature in the second zone which is 
below the melt temperature of the crystal, so that a crystal 
solid interface 29 exists in the vicinity of the baffle between 
the liquefied crystal 15 and the formed crystal 1. The liquefied 
crystal, the liquid solid interface and the first portion of the 
crystal are supported in a boat -shaped crucible container with a 
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bottom 31 and side walls which support the crystal. As the 
crystal leaves the support plate 31 it passes on to a conveyor 33 
with supporting rollers 35, which continually move the crystal 
away from the first heater. The crystal moves within an 
enclosure 43, which has a noble gas or noble gas and reactant gas 
atmosphere 45. 

A large heater has a first zone 37 which heats the initial 
part of the crystal apparatus to a temperature below the melt 
temperature, and a second zone 3 9 which maintains the crystal at 
a lower temperature. The first and second zones may have 
multiple sub zones. The bottom portions 38 and 40 may be 
separate heaters or separate zones. 

A purified and doped crystal emerges from the enclosure. 

In one example, as shown in the chart at the bottom of 
Figures 1, when using the continuous crystal growth apparatus and 
process to grow a doped sodium iodide crystal, the first hot zone 
is maintained at about 1750 °C. 

The crystals may be binary and ternary. The temperature at 
the baffle is maintained at the melting point of the material, 
which in the case of a binary crystal, for example Ca F or a 
ternary crystal, for example, Ca v Ba. v F 0 , is about 1365°C. The 
second zone of the first heater maintains a temperature of about 
1265°C, or below the temperature of melting. The larger heater 
41 has two zones 3 7 and 39, which provide heat below the 
temperature of zone 25, or at about 1200 °C and about 1100 °C 
respectively, so that the crystal uniformly cools as it proceeds. 
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The heaters and zones may be divided into multiple zones and sub 
zones of varied heat and temperatures. The temperatures are 
controlled at levels according to the crystal being grown. 

In Figure 1 the crystal may be held stationary while the 
chamber moves, or while the heaters 21 and 27 move. 

Enclosure 43 is double or multiple walled with interposed 
insulation or gaps which may be gas filled or evacuated to 
control temperatures inside the enclosure. An installation layer 
may be provided between the heaters 37, 38, 39, 40 and the 
enclosure 43. A multiport 207 with a valve 209 supplies inert or 
reactive gas or plasma to the atmosphere 4 5 within the chamber. 
A reduced pressure or vacuum port 211 with a valve 213 withdraws 
gas from the chamber. A plasma port 215 with a plasma valve 217 
and generator is attached anywhere on the chamber. 

As shown in Figure 2, a crystal purifying apparatus and 
process is generally referred to by the numeral 51. The 
apparatus has a chamber 53, which is preferably a quartz chamber, 
for holding a crystal melt 55, or alternatively for holding 
crystal -forming powder used to create a crystal melt. The 
chamber has a lid 57, which may be a quartz lid, which tightly 
seals with upper edges of the walls 59 of the chamber 53. A 
multipoint inlet 61 which may provide inert, reactive gas or 
plasma is controlled by a valve 63, which supplies inert or 
reactant gas or plasma to a pipe 65. A plasma source 219 with a 
valve 221 is positioned on the enclosure and delivers plasma in 
the material directly, through a porous distributor or above the 
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material. Tubes 67 conduct the reactant gas to a distributor 69 
at or near the bottom 71 of the chamber 53. As shown in Figure 
2, the distributor may be a plenum. Gas is released from the 
plenum through a gas release plate 73, which in this case may be 
a porous quartz plate. Positive reactant gas pressure is 
maintained within the plenum 69 so that the gas flows upward 
through the port plate 73. A suitable reactant gas, for example, 
may be bromine mixed with argon or helium or a noble gas. The 
entire gas mixture is called the reactant gas, although only the 
bromine may be actually reactant. Bromine, for example, may form 
gaseous bromides which are removed as gases from the melt or 
powder 55. 

The flow of gas through the melt or powder is represented by 
the gas pockets or bubbles 75, which move upward. The flow of 
gas also entrains any water in the crystal material and carries 
the water from the heated crystal material as gaseous water 
vapors which are removed from the space 77 at the top of the 
chamber through a reduced pressure line 79 or vacuum line, which 
is connected to a source of reduced pressure or a vacuum 81, as 
controlled by a valve 83. The vacuum line 79 withdraws water 
vapor and reacted gas products. Solid impurities fall to the 
bottom of the material 55 when the material is in melt, and light 
solid impurities migrate upward to float on the top of the melt. 
Heaters, generally indicated by the numeral 85, surround the 
chamber. 
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The heaters 85 and 87 can be inside or outside the chamber 
and may have multiple separately controlled zones to heat the 
powder material or maintain the high temperature necessary for 
melting and maintaining the melt 55. At the top of the heaters a 
large insulating block 89 is placed to maintain the uniform 
temperature within the apparatus. 

A source 91 of liquid or solid reactant substance is 
controlled by a controller 93 for supply to a conduit 95, which 
extends through the insulation 89 and lid 57 to an opening 97, 
which is controlled by a removable plug 99, so that the 
appropriate scavenging liquid or solid may be added to the melt 
55. The conduit 95 acts as a multiport and supplies an access 
for solid, liquid starter material or other material. 

The purified liquid or powder is removed through an outlet 
101 in a side wall of the chamber 53 slightly above the bottom. 

A shut-off valve is used in the supply line 101. The shut- 
off valve may be a mechanical valve or an electromechanical 
solenoid operated valve, or a thermally operated valve 103, such 
as shown in Figure 2. The outlet 101 may be composed of plural 
outlets positioned anywhere on the chamber sides or bottom. The 
thermally operated valve is a series of cooling and heating coils 
which freeze or melt the crystal and allow flow of liquid crystal 
through the conduit 101. 

An enclosure 223 surrounds a space 225 or insulation between 
the enclosure and the chamber outer wall 227. The enclosure can 
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have a single or double wall with an interposed temperature 
controlling material. 

Figure 3 shows an alternate heating and purifying apparatus 
and process in which a crystal melt 55 is held between side walls 
105 and the base 107 of a casing 109, which has a cover 111. An 
upper heater 113 encloses the crystal melt. Insulation layers 
115 above the upper heater 113 concentrate and reduce outward 
flow of the heat. 

Reactant gas from a source 61 is admitted through a control 
valve 33 to a reactant gas tube 67, and from there into a 
distributor plenum 69 within a distributor housing 117. A porous 
quartz plate 73 covers the distributor and releases gas in the 
form of bubbles 75 through the melt 55. The released gas can be 
inert gas, reactive gas, plasma or mixtures thereof. 

Gaseous reactant products and water vapor escape through 
small openings 119, which extend through the heater 113, the 
insulation 115 and the cover 111. Large openings 119 may be 
supplied for the addition of liquid or solid reactant substances 
or dopants. 

Figure 4 shows a multiple heater arrangement 121 for zone 
heating and liquefaction 123, 125 and 127 as the crystal 1 moves 
in the direction 131 with respect to the zone heaters 133, 135 
and 137. The sequential melting of the crystal further purifies 
the crystal. In the final melting operation, such as in heating 
and purifying apparatus 137, the dopant is added to the crystal. 



The crystal may move through the assembly of heating and 
purifying apparatus such as on a support 141, which is part of a 
conveyor 143 supported by rollers schematically indicated at 145. 
Preferably, in the areas of the melt zones 123, 125 and 127, as 
shown in Figure 5, the liquefied crystal is supported within a 
boat-shaped trough 147 with a base 148 and side walls 149, which 
are formed of quartz or ceramic. As the molten material 
solidifies and crystallizes, the individual crystal portions may 
be picked up by conveyors, or the entire crystal 1 may move along 
a rigid and smooth quartz or ceramic surface of a support 141. 

Alternatively, the heating and purifying assemblies 133, 135 
and 137 may be constructed for movement along a stationary 
crystal. An enclosure 223 surrounds the assemblies. The 
enclosure may have double walls and insulation. Heaters 225-231 
heat the enclosure and the crystal. The heaters have 
individually controlled zones. A vacuum outlet 233 with a valve 
235 is connected to the enclosure 223. An inert gas reactant gas 
or plasma entry multiport 237 is controlled by multiple valves 
239. At least one plasma port 241 is connected through the 
enclosure and is controlled by valve 243. 

Figure 6 shows three configurations of heating and purifying 
apparatus shown melting and purifying a crystal. The heaters may 
be used sequentially as different heaters, or each of the heaters 
in a sequence may be identical. Heating element 151 has an upper 
heater 153 and a lower heater 155, which melt the crystal 1 as it 
flows between the heating elements. The heating and purifying 



apparatus 157 has an upper heater 158 and side heaters 159. The 
bottom 161 may be opened so that the crystal or heater may move 
and so that the melted crystal may be uniformly supported through 
the heating area. Alternatively, the heating elements may extend 
entirely around the liquid crystal area. 

Heater 163 radiates heat downward from a thermal radiator 
165, such as a quartz heating element or a wide laser beam, or a 
series of laser beams, or simply a strong standard heater. The 
heat flux 167 heats and melts the crystal material. 

As shown in heating and purifying elements 151 and 157, the 
height of the heater openings may be equal or larger than the 
melt thickness. Alternatively, the opening 169 may be smaller 
than the melt thickness so that the crystal moves faster through 
the melt zone than through the approach. In one example, such as 
when melting and purifying a sodium iodide crystal in multiple 
melting zones, the crystal may move at a speed of slightly less 
than one foot per day. Figure 6 shows relatively movable heaters 
and crystal mounted within an enclosure 223 with heaters 225-231 
and ports and valves 233-243. 

The crystals shown in Figures 4, 5 and 6 are examples of 
cross-sections of crystals which may have any shape, for example 
rectangular, round, oval, triangular, and may have at least one 
dimension as small as a seed of a crystal. The apparatus of 
Figures 4-6 may be positioned or used within or in conjunction 
with the apparatus and methods shown in Figure 1 . 
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As shown in the Figure 7, the present purifying apparatus 
and process may be used in a standard Bridgeman crystal growth 
apparatus 171. The crucible may be shaped as a plate, round, or 
polygonal and may have any cross-section. An upper heater 173 
heats a zone 175 around melt chamber 177 to a temperature above 
the melting temperature. A baffle below heater 173 separates 
heat zone 175 from heat zone 179, in which heat from a heater 181 
is below the melting temperature of the crystal. A liquid-solid 
interface 183 of the crystal occurs at about the position of the 
baffle 185. Reactant purifying gas, insert gas, plasma or a 
combination is admitted to the melt 187 through a multiport 
source 61 and a control 63, and a tube 65 leading to a 
distributor 69, which releases reactant gas through a porous 
plate into the crystal melt 187. Distributor 69 may have any 
desired shape or may be composed of multiple distributor 
combinations. Gasified impurities are removed through vacuum 
line 79, as controlled by valve 83 to a source of reduced 
pressure 81. The crystal 191 is contained in a platinum or 
quartz crucible 193. 

A plasma port 245 and control valve 247 are connected to the 
crucible. A vacuum port 249 and control valve 251 are connected 
to the apparatus 171. A crystal starter seed 253 is provided in 
the crucible. A seed temperature control 255 is positioned at 
the base of the crucible. Heaters 257 and 259, like heaters 173 
and 175, are multizone controlled heaters near the crucible. Gas 
distributor 69 may include a heater 261, which may have a shape 



and size matched to the inside of the crucible. The gas line 65 
to the distributor 69 may come from the top. The internal 
heaters 261 may have separate controlled zones and are mounted 
below the distributor to face the liquid solid interface 183. 

As shown in Figure 8, the final product, which is a crystal 
201 which has been cut from the long crystal plate, is placed in 
a support 2 03 on a substrate 2 05, and sides and end surfaces are 
covered by plates 207 and a cover 209 is placed over the crystal. 
All of the entire system is enclosed. The entire system is 
enclosed in a crystal furnace 211 that provides the necessary 
temperature for the heat treating an annealing process while 
force is applied to the crystal 2 01 through the cover and walls 
209 and 207. 

As shown in Figures 9-11, crystal growth occurs in a 
crucible 263 surrounded with a heat dissipation coil. The coil 
can be a simple coil having a single flow channel, or a 
comprehensive coil having one or more than one channels for flow 
of heat removing fluid. The fluid can be gas, liquid or molten 
material having the desired viscosity and heat removal 
properties . 

The heat dissipation coil 265 can be one coil having inlet 
267 and outlet 269, or can be comprised from more than one coil, 
each of them having an inlet and an outlet and each of them 
contributing to the temperature gradient for the crystal growth 
process desired. The width of each cooling band (CB-W) can be 
same or different. The spacing between the cooling bands (CB-S) 
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can be the same or different, depending on the process 
requirements. Each individual band or connected group of bands 
may have separate sections for precisely controlling temperatures 
and heat flow. 

The crucible for this growth can have plate shape, 
rectangular, round, polygonal or any other suitable shape. It 
may be surrounded with one or more layers of the same or 
different type material to achieve the desired temperature 
gradients and temperature distributions. 

This cooling arrangement can be used in finite crystal 
growth within one or more crucibles or with continuous crystal 
growth of a plate or a bar. 

The heat dissipation coil 265 can have bands made of partial 
or full segments that can be top, bottom, side, or any 
combination there between. Each segment can have one or more 
heat-removing elements. 

The heat dissipation coil elements can be perpendicular to 
the crystal growth direction, as shown in Figure 1, or can have 
any angle to the growth direction. 

Each dissipation coil section can consist of one or more 
loops . 

The pressing and heat treatment may be in vacuum in a 
reduced pressure of one or more inert or in reduced pressure of 
one or more reactive gases or plasma. 

The pressing and heat treatment may be in reduced pressure 
of one or more inert and reactive gas mixtures. 



In the new process and apparatus, the temperature 
distribution over each heating plate may have desired temperature 
distribution for process control. The temperature distribution 
over each heating plate may be non uniform and might have 
rectangular, polygonal, round, oval or any other desired shape 
temperature distribution for process control. The temperature 
distribution over each heating plate may comprise a uniform 
temperature background having areas or higher or lower 
temperature superimposed on it that can be uniform and that might 
have rectangular, polygonal, round, oval or any other desired 
shape temperature distribution for process control. The 
temperature distribution over each heating plate may have desired 
temperature distribution as required by the processes for the 
product being treated or fabricated. 

Reactive gases and reactive substances can be any chemical 
compound that reacts with the substance being purified. The 
reactive substance can be gaseous, liquid or solid element or 
compound. The reactive substance can be elemental gas or organic 
or inorganic gaseous compound or mixture in its neutral or 
ionized state. 

The material being processed may be composite of many 
compounds and the end product is an optical lens material, or any 
substance for making optical elements, or any scintillation oxide 
material . 

The purification apparatus for crystal starter material has 
a chamber with bottom and side walls. A lid covers the chamber 



and has an opening for introducing liquid or solid material in 
the chamber. An outlet is positioned near or at the bottom of 
the chamber. A shut off valve is connected to the outlet for 
opening and closing the outlet. A source of reactive gas is 
connected to the chamber and extends into the chamber. A 
reactive gas release area extends to the near bottom of the 
chamber for slowly releasing reactive gas into and above the 
crystal starter material. A gaseous space at the top of the 
chamber withdraws gas from the top of the purified material. 
Heaters adjacent the chamber heat the chamber and the crystal 
starter material within the chamber. 

A source of reactive gas is an in-line or other plasma 
generator. 

Purification apparatus for crystal starter material has a 
reduced pressure chamber having vacuum port and vacuum valves, a 
gas delivery system, heating elements for heating the contents in 
the chamber, a container for material to be purified and a porous 
distributor to distribute reactive gas within and above the 
material being purified. 

As shown in Figure 9, the crucible 263 with the temperature 
control coils 265 are mounted within a double wall enclosure 273 
with insulation 275. The heaters 277 may have the same shape as 
the crucible or may have different shapes, and may have more than 
one heater. Smaller heaters 279 move along the crucible within 
the larger heater 277. Heaters 277 and 279, or heater parts 
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thereof, surround the crucible or are parallel to the longest 
side of the crucible. 

At least one plasma port 281 with a plasma valve 283 is 
mounted in the enclosure 2 73. Multiport 2 75 and control valve 
assembly 277 admits inert or reactive gas or plasma. Vacuum port 
279 and valve 281 control pressure in the enclosure. 

The enclosure may be a pressure -containing chamber suitable 
for withstanding positive or negative pressure differentials of 
from vacuums to about 20 atmospheres or higher. 
The chamber may be tilted in any direction. 
The crucible may be partially or fully open on one of the 
sides for the purposes of loading and unloading crystal . The 
open portion may have a lid that is solid or have openings for 
vacuuming the area above the crystal, or to provide a controlled 
atmosphere over the exposed crystal or crystal melt area. 

In the present binary and ternary fluoride purification and 
crystal growth method and apparatus, the material being processed 
or pressed is single crystal or polycrystalline material. Powder 
material may be used. The material may have uniform properties 
over the entire body, or may have desired composition within 
certain sections of the body. The material may be alkali halide, 
sodium iodide, cesium iodide, calcium fluoride or barium 
fluoride. Any binary metal fluoride compound or any binary 
compound may be used. The material being processed may be Ca x SR x 
x F 2 , where 0 Ca x Ca x < X <1 or any ternary compound containing 
fluoride, any ternary compound or any quaternary compound. 
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The material being processed may be any metallic, non- 
metallic or any combination between them compound. 

The material being processed may be doped or undoped sodium 
iodide or cesium iodide . 

The reactive substance can be elemental gas or organic or 
inorganic gaseous compounds mixture in neutral or ionized state 
mixed with a carrier gas. The reactive gas can be fluorine gas, 
F 2 . The reactive gas can be fluorine gas, F 2 mixed with carrier 
gas that can be any inert gas or any suitable inorganic or 
organic compound in gaseous form. The reactive gas can be 
fluorine gas, F 2 in its atomic state mixed with carrier gas that 
can be any inert gas or any suitable inorganic or organic 
compound in gaseous form. 

The reactive gas can be fluorine gas, F 2 in its atomic state 
obtained via chemical reaction and/or passing fluorine gas 
through an ion generator. The reactive gas can be fluorine gas, 
F 2 in its atomic state obtained via chemical reaction and/or 
passing fluorine gas through an ion generator mixed with carrier 
gas that can be any inert gas or any suitable inorganic or 
organic compound in gaseous form. The ion generator can be a 
plasma generator. 

The reactive gas can be fluorine gas, F 2 in its molecular 
and atomic state obtained via chemical reaction and/or passing 
fluorine gas through a plasma generator where only part of the 
gas is dissociated into atoms or where some of the atoms 
recombine after the ionization and form neutral molecules. 



The reactive gas can be fluorine gas, F, in its molecular 
and atomic state obtained via chemical reaction and/or passing 
fluorine gas through a plasma generator where only part of the 
gas is dissociated into atoms or where some of the atoms 
recombine after the ionization and form neutral molecules mixed 
with carrier gas that can be any inert gas or any suitable 
inorganic or organic compound in gaseous form. 

The reactive gas is a mixture between fluorine atoms, 
fluorine molecules obtained through two different sources and 
combined for purification purposes. The reactive gas is a 
mixture between fluorine atoms, fluorine molecules obtained 
through two different sources and combined for purification 
purposes mixed with carrier gas that can be any inert gas or any 
suitable inorganic or organic compound in gaseous form. The 
reactive gas is a mixture between fluorine atoms, fluorine 
molecules and other fluorine organic or inorganic molecules in 
neutral or charged state. 

In some embodiments, the reactive gas is a mixture between 
fluorine atoms, fluorine molecules and other fluorine organic or 
inorganic molecules in neutral or charged state mixed with 
carrier gas that can be any inert gas or any suitable inorganic 
or organic compound in gaseous form. The reactive gas is a 
mixture between fluorine atoms, fluorine molecules and other 
fluorine organic or inorganic molecules in neutral or charged 
state and/or their ions created by passing them through an 
ionization apparatus. The reactive gas is a mixture between 



fluorine atoms, fluorine molecules and other fluorine organic or 
inorganic molecules in neutral or charged state or their ions 
created by passing them through an ionization apparatus mixed 
with carrier gas that can be any inert gas or any suitable 
inorganic or organic compound in gaseous form. 

The reactive gas can be carbon tetraf luoride, CF 4 . 

The reactive gas can be carbon tetraf luoride gas, CF 4 mixed 
with carrier gas that can be any inert gas or any suitable 
inorganic or organic compound in gaseous form. The reactive gas 
can be fluorine gas, F , fluorine in its atomic state and CF . 

A 4 

The reactive gas can be fluorine gas, F 2 , fluorine in its atomic 
state and CF 4 mixed with carrier gas that can be any inert gas or 
any suitable inorganic or organic compound in gaseous form. 

The reactive gas can be CF 4 gas, ionized CF 3 radicals, and 
fluorine in its atomic and molecular state obtained via chemical 
reaction and/or passing fluorine gas through an ion generator. 
The reactive gas can be CF 4 gas, ionized CF 3 radicals, and 
fluorine in its atomic and molecular state obtained via chemical 
reaction and/or passing fluorine gas through an ion generator 
mixed with carrier gas that can be any inert gas or any suitable 
inorganic or organic compound in gaseous form. The ion generator 
can be a plasma generator. 

In one embodiment, the reactive gas is a mixture between 
fluorine atoms, and CF 4 molecules obtained through two different 
sources and combined for purification purposes. The reactive gas 
is a mixture between fluorine atoms, fluorine molecules and CF 



obtained through two different sources and combined for 
purification purposes mixed with carrier gas that can be any 
inert gas or any suitable inorganic or organic compound in 
gaseous form. 

The reactive gas can be a mixture between carbon 
tetrafluoride, carbon tetraf luoride radicals such as CF 3 or 
other, fluorine atoms and molecules and other fluorine organic or 
inorganic molecules in neutral or charged state. The reactive 
gas can be a mixture between carbon tetraf luoride, carbon 
tetrafluoride radicals such as CF 3 or other, fluorine atoms and 
molecules and other fluorine organic or inorganic molecules in 
neutral or charged state mixed with carrier gas that can be any 
inert gas or any suitable inorganic or organic compound in 
gaseous form. The reactive gas can be a mixture between carbon 
tetrafluoride, carbon tetrafluoride radicals such as CF 3 or 
other, fluorine atoms and molecules and other fluorine organic or 
inorganic molecules in neutral or charged state and/or their ions 
created by passing them through an ionization apparatus. 

The reactive gas mixture between carbon tetrafluoride, 
carbon tetrafluoride radicals such as CF 3 or other, fluorine 
atoms and molecules and other fluorine organic or inorganic 
molecules in neutral or charged state and/or their ions created 
by passing them through an ionization apparatus mixed with 
carrier gas that can be any inert gas or any suitable inorganic 
or organic compound in gaseous form. 
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Other reactive gases may replace F 2 , such as bromine and 
bromine based compound, chlorine and chlorine based compounds, 
hydrogen and hydrogen based compounds, etc. 

Reactive solids may have several compositions, such as metal 
fluorides such as ZnF 2 , PbF 2 , other metal fluorides, and all 
inorganic or organic compounds that incorporate them. The same 
is true with the bromine and bromides, etc. in solid form. 

While the invention has been described with reference to 
specific embodiments, modifications and variations of the 
invention may be constructed without departing from the scope of 
the invention, which is defined in the following claims. 
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